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Antioxidant enzymesAbstract Some biochemical changes and activities of antioxidant enzymes in different develop-
mental stages of date palm somatic and zygotic embryos were studied in vitro. The levels of endoge-
nous ascorbic acid (AA), dehydroascorbic acid (DHA) and some biochemical components (phenols,
ﬂavonoid, free amino acids, proteins, and malondialdehyde (MDA)) and the activities of antioxi-
dant enzymes peroxidase (POD), polyphenol oxidase (PPO) and phenylalanine ammonia lyase
(PAL) in the different developing stages of somatic and zygotic embryos of date palm cv. Sewi were
determined. Zygotic embryo and also embryogenic callus contained high concentrations of AA
(9.48 and 9.13 mg 100 g1 f.wt., respectively). While the mature somatic embryos contain the lowest
concentration of AA (4.09 mg 100 g1 f.wt.), Zygotic embryo contains the highest signiﬁcant levels
of phenols, ﬂavonoid, free amino acids, proteins and MDA. However, the lowest concentrations of
phenols and ﬂavonoids were recorded at the embryogenic callus. The POD activity was the highest
level at embryogenic callus and then decreased gradually during the subsequent developmental
stages, while, the activities of PPO and PAL were the highest levels at zygotic embryos.
ª 2015 Production and hosting by Elsevier B.V. on behalf of Faculty of Agriculture, Ain Shams
University. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).Introduction
Date palm is subject to an intensive exploitation in
Mediterranean Africa, the Middle East, West Asia and the
United States. In exporting countries as in self-consumer ones,
it is advantageous to quickly replace the aged or diseased trees.This replacement should be done with off-shoots offering iden-
tical characteristics of fruit quality, ﬂavor and productively
with the selection cultivars (Booij et al., 1993). It is well known
that date palm is propagated sexually through seeds and vege-
tatively by off-shoots (Alkhateeb, 2006). In vitro plant regener-
ation of date palm occurs through organogenesis and somatic
embryogenesis.
Somatic embryos are used as a model system in embryolog-
ical studies. However, the greatest importance of somatic
embryos is its practical application in large scale vegetative
propagation. In some cases, somatic embryogenesis is favored
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actors (Von Arnold et al., 2002).
Rapid cell proliferation and active aerobic metabolism,
which occur mainly in the presence of auxin and cytokinin,
are often associated with the production of reactive oxygen
species. Reactive oxygen species (ROS) which include com-
pounds such as superoxide, peroxide, singlet oxygen, and the
hydroxyl radical, are an inevitable by-product of aerobic meta-
bolism, being produced during the electron transfer reactions
that take place in the mitochondria, chloroplasts, and peroxi-
somes. ROS are toxic molecules; unless their concentration is
regulated, they can cause protein, membrane, and DNA dam-
age and ultimately cell death (Mittler, 2002).
The regulation of the cellular redox state is a crucial point
for plant development and responsiveness to environmental
stimuli. Several redox metabolites are involved in maintaining
the ideal redox balance in plant tissues, among which ascor-
bate (ASC) plays a pivotal role by acting as a redox buffer
as well as a sensor of metabolic changes involving redox reac-
tions (Foyer and Noctor, 2003).
Pullman et al. (2009) estimated the contents of endogenous
ascorbic acid (AA), dehydroascorbic acid (DHA), glutathione
(GSH) and glutathione disulﬁde (GSSG) in developmentally
staged zygotic embryos and female gametophytes over the
sequence of loblolly pine (Pinus taeda L.) seed development.
Their data refer that, AA acid and DHA peaked in mid-
development and then decreased in the embryo. Both glu-
tathione and glutathione disulﬁde in both embryo and female
gametophyte increased until mid-development and then
decreased.
It was established that AA is a co-factor of several enzymes
involved in the synthesis of ethylene, gibberellins (Prescott and
John, 1996) and possibly ABA (Arrigoni and De Tullio, 2000).
It was found that ascorbic acid acts within the meristems,
where it is required as a factor necessary for the cell cycle pro-
gression during cell division (De Tullio et al., 1999). Ascorbate
affects also the elongation of plant cells. Kerk and Feldman
(1995) found that ascorbate is able to stimulate quiescent cells
to divide by stimulate auxin transported to the root meristem.
Taqi et al. (2011) suggest that endogenous ascorbic acid
(AA) has been involved in the promotion of plant growth
and development. AA plays an important role in resistance
to oxidative stresses such as heavy metal, saline and ultra-
violet. Rapidly increasing evidence indicates that AA is cen-
trally involved in several physiological processes.
Plants have several L-AA biosynthetic pathways including
routes via L-galactose and L-glucose (Wolucka and Van
Montagu, 2003), but the contribution of each one varies
between different species, organs and developmental stages
(Cruz-Rus et al., 2011).
When the endogenous AA level is experimentally lowered
by lycorine, an inhibitor of the AA de novo biosynthesis, both
of cell division (Liso et al., 1984) and cell elongation (Co´rdoba-
Pedregosa et al., 1996) are inhibited. These inhibitory effects of
lycorine are ascribed to suppression of the biosynthesis of AA
by blocking conversion of the precursor L-galactonic acid-c-
lactone to ascorbate and in lycorine treated tissues, addition
of galactone–lactose induces ascorbic acid biosynthesis compa-
rable to controls (De Gara et al., 1994).
De Pinto and De Gara (2004) studied the AA level, redox
state and its related enzymes, as well as peroxidase (POD)
isoenzymes, which were analyzed in the apoplastic andsymplastic compartments of different segments of pea (Pisum
sativum L.) shoots which were indicative of different differen-
tiation levels. Their obtained data showed opposite gradients
in the AA system and PODs during cell differentiation.
Studies of lipid peroxidation in plant tissue cultures demon-
strate that aldehydes are produced during culture initiation
and throughout routine sub-culturing. They also accumulate
in cultures which have lost their totipotency, compared to
those who have maintained their regeneration potential
(Adams et al., 1999). Aldehydic products, formed by in vitro
cultures may be deleterious as they have the potential to
cross-link with key macromolecules which are essential to the
maintenance of growth and development. The cytotoxic effects
of the aldehydes were, however, partially reversible and on
transfer to aldehyde-free media, some of the treated callus cells
were able to recover their proliferative and morphogenetic
capabilities (Deighton et al., 1997). Adams et al. (1999)
demonstrated that Malondialdehyde (MDA) is produced de
novo by plant cells and that their exogenous addition can inhi-
bit in vitro growth and development.
Improved understanding of ascorbate roles in plants will
lead to the possibility of enhancing the growth of tissues
in vitro by increasing ascorbate concentration that will exoge-
nously be supplied to the culture media. It could be that the
present report is the ﬁrst one estimate the endogenous levels
of AA, DHA, AA/DHA ratio and total forms of ascorbic acid
(TFAA) in date palm somatic embryos grown in vitro.
This study aimed to underlie the biochemical and metabolic
status during somatic embryogenesis process in date palm
which could be important for the development and optimiza-
tion of strategies for large scale propagation and germplasm
conservation.Material and methods
Plant material and tissue culture protocol
The present study was performed throughout the period from
2013 to 2015. Usual protocol for date palm (Phoenix dactylifera
L.) somatic embryogenesis was made to obtain the different
developmental stages of somatic embryos to determine the
chemical analyses in this study. Starting with choosing the
healthy off-shoots of the selected cultivar (Sewi) grown at Giza
governorate, then,many layers of tough, ﬁbrous leaf bases, must
ﬁrst be removedwithmachete or hack-sawuntil the apical region
(entire meristem and its three or four leaf primordial) has been
exposed. After this, surface sterilization was made under aseptic
conditions by immersion for the explants in 0.01% mercuric
chloride (HgCl2) for 1 h and thoroughly washed with sterilized
distillated water for 3 times. Then, the explants were cut longitu-
dinally into four equal segments and were cultured on MS
(Murashige and Skoog, 1962) inorganic salts supplemented
with 170 mg l1 KH2PO4Æ2H2O + 100 mg l
1 myo-
inositol + 0.4 mg l1 thiamine hydrochloride + 200 mg l1
glutamine + 30 g l1 sucrose + 10 mg l1 2,4-D + 3 mg l1
2iP + 6 g l1 agar + 1.5 g l1 activated charcoal. After this,
media were dispensed into culture jars (200 ml) at the 40 ml/jar
and the jars were capped with polypropylene closures and auto-
claved at 121 C 1.5 kg/cm2 at 20 min. Then, the cultures were
incubated in a temperature-controlled roomat 27 C+ 2, under
total darkness for 4–8 months and the sub-cultures were made
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formed the culturesweremoved to anothermediumcomposition
contained lower concentration of auxin (0.1 mg l1NAA) for
further two sub-cultures to allow the compact callus to develop
into embryogenic callus. Finally, asynchronous somatic embryo
formationwas happenedwhen embryogenic calluswasmoved to
another media that were supplemented with ABA at 0.5 mg l1
and polyethylene glycol (PEG-4000) at 5 g l1. Seeds of Sewi
cv. were imbibed for 7–10 days to allow the germination of zygo-
tic embryos. Then, Four samples (embryogenic callus, pro-
embryos, mature somatic embryos and zygotic embryos) were
taken for chemical analyses.
Chemical analyses
Determination of ascorbic acid and dehydroascorbic acid
Ascorbic acid (AA) and dehydroascorbic acid (DHA) concen-
trations were determined colorimetrically by using 2,4 dinitro-
phenylhydrazine according to Kapur et al. (2012). The AA and
DHA concentrations were calculated as mg/100 g f.wt.Determination of soluble protein
Soluble protein concentration was estimated to calculate speci-
ﬁc activity of enzymes. Proteins concentration was quantiﬁed
in the crude extract by the method of Bradford (1976) using
bovine serum albumin as a standard.
Extraction and determination of free amino acids
Free amino acids were extracted according to Ackerson (1981)
and were determined colorimetrically by using ninhydrin solu-
tion according to Jayaraman (1985) using glycine as a stan-
dard. The amino acids were calculated as mg/100 g f.wt.Extraction of phenolic compounds and total ﬂavonoids
0.5 g of fresh tissue was macerated in 10 ml 80% ethanol for at
least 24 h at 5 C, the alcohol was collected, and the remained
tissue was re-extracted with 10 ml 80% ethanol about three
times. At the end, the collected extract was completed to
50 ml using 80% ethanol.
Determination of phenolic compounds
The colorimetric method of Folin–Ciocalteu as described by
Shahidi and Naczk (1995) was employed for the chemical
determination of phenolic compounds. The phenolic com-
pounds concentration was expressed as mg gallic
acid/100 g f.wt.
Determination of total ﬂavonoids content
Total ﬂavonoids contents were determined by the aluminum
chloride colorimetric assay according to Marinova et al.
(2005). Total ﬂavonoids were expressed as mg quercetin/
100 g f.wt.
Determination of lipid peroxidation
The level of lipid peroxidation was measured by determination
of malondialdehyde (MDA) in plant tissues as described by
Heath and Packer (1968). The MDA concentration was calcu-
lated using an extinction coefﬁcient of 155 mM1 cm1. MDA
concentration was expressed as lmol MDA/g f.wt.Enzymes assay
Preparation of enzymes crude extract
Tissues were homogenized with potassium phosphate buffer
(100 mM, pH= 7.0) containing 0.1 mM EDTA and 1% poly-
vinyl pyrrolidone (PVP) (W/V) at 4 C. The extraction ratio
was 2 ml buffer for each one gram of plant materials.
Homogenate was centrifuged at 15000g for 15 min at 4 C.
Supernatant was considered as enzyme crude extract and used
to measure the activities of peroxidase (POD), phenylalanine
ammonia-lyase (PAL), and polyphenol oxidase (PPO).
Assay of peroxidase activity
Peroxidase, POD (E.C 1.11.1.7) activity in enzyme crude
extract was determined as described by Hammer Schmidt
et al. (1982). The activity was calculated by measuring the
absorbance changes at 470 nm per min using spectrophotome-
ter (UV–Vis spectrophotometer UV 9100 B, LabTech). Unit of
enzyme (IU) equals 0.01 DOD. min1. The speciﬁc activity was
expressed as IU/mg protein.
Assay of Polyphenol oxidase (PPO) activity
Polyphenol oxidase (PPO) (EC 1.14.18.1) activity was mea-
sured according to Benjamin and Montgomery (1973). One
unit of PPO activity was deﬁned as the amount of enzyme that
caused an increase in absorbance of 0.001 per min at 420 nm
using spectrophotometer (UV–Vis spectrophotometer UV
9100 B, LabTech). The enzyme activity was expressed as
unit/mg protein.
Assay of Phenylalanine ammonia lyase (PAL) activity
Phenylalanine ammonia lyase (PAL) (EC 4.3.1.5) activity was
quantiﬁed by the method of Beaudoin-Eagan and Thorp
(1985) One unit of enzyme activity was deﬁned as the amount
of enzyme that caused an increase in absorbance of 0.01 per
hour at 290 nm using spectrophotometer (UV–Vis spectropho-
tometer UV 9100 B, LabTech). The enzyme activity was
expressed as unit/mg protein.
A complete randomized design was used with three repli-
cates, using L.S.D test at 5% according to Snedecor and
Cochran (1972).Results and discussion
Concentration of AA, DHA, AA/DHA ratio and TFAA
Data presented in Table 1 showed the concentrations of ascor-
bic acid (AA), dehydroascorbic acid (DHA), total forms of
ascorbic acid (TFAA) and AA/DHA ratio in embryogenic cal-
lus, pro-embryos, somatic embryos and in the zygotic embryos
of date palm cv. Swi. Data clearly indicated that, zygotic
embryos contained the highest levels of AA, DHA and
TFAA (9.48, 16.78 and 26.25 mg/100 g f.wt., respectively).
Regarding the different developing stages of somatic embryos,
data presented here showed that, there was an inverse relation-
ship between the developmental stage and the concentrations
of endogenous AA, DHA and TFAA. The highest concentra-
tions were recorded at embryogenic callus stage (Fig. 1a and
b) which contain 9.13, 4.22 and 13.35 mg/100 g f.wt., respec-
tively. Also, the concentrations were decreased gradually to
Table 1 Concentrations of ascorbic acid (AA), dehydroascor-
bic acid (DHA), total forms of ascorbic acid (TFAA) and AA/
DHA ratio by mg/100 g f.wt. in different developmental stages
of somatic and zygotic embryos of date palm cv. Swi.
Developmental
stages
(AA) (DHA) (TFAA) AA/DHA
ratio
Embryogenic callus 9.13 4.22 13.35 2.16
Pro-embryo 5.40 4.55 9.95 1.19
Somatic embryo 4.09 3.68 7.76 1.11
Zygotic embryo 9.48 16.78 26.25 0.56
LSD at 0.05 1.03 0.630 0.55 0.236
Fig. 1 Asynchronous somatic embryo formation was induced
when embryogenic callus was moved to maturation media that
were supplemented with ABA at 0.5 mg l1 and PEG at 5 g l1 (a
and b): globular embryogenic callus, and this stage is characterized
by a highly cell division and metabolic activities and the reduced
form (AA) of the ascorbate pool is recorded approximately
twofold increase of the oxidized form (DHA); (c and d): pro-
embryo, (early embryo development) showed polarization, cell
expansion and elevated levels of DHA; (e): mature somatic
embryos which contained the lowest concentrations of AA and
DHA and (f and g): early germinated date palm somatic embryo.
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(4.09, 3.68 and 7.76 mg/100 g f.wt., respectively) Fig. 1(e).
The obtained data showed that, the reduced form (AA) of
the ascorbate pool is recorded approximately twofold increase
of the oxidized form (DHA) in the embryogenic callus. This
stage is characterized by a highly cell division and metabolic
activities during the somatic embryogenesis process. While
during the next developmental stages of somatic embryogene-
sis, the AA/DHA ratio is decreased gradually. These obtained
data insure the previous data obtained by Stasolla et al. (2001)
who demonstrated that there was a high ASC/DHA ratio dur-
ing the initial stages of spruce somatic embryo development, in
conjunction with active cell proliferation, whereas a low ratio
was observed in fully developed embryos.
Also, Belmonte et al. (2005) showed that, in Vicia faba seed,
changes in ascorbic acid were correlated with different stages
of somatic embryogenesis. Early embryo development showed
high ASC/DHA ratios that declined as embryo development
continued. Ascorbic acid (reduced form) peaked during mid-
embryo development and then rapidly declined as the tissue
shifted to the more oxidized member of the pair (DHA).
Elevated levels of DHA can induce cell expansion either
directly, by reacting with the side chains of lysine and arginine
residues in the cell wall, thus preventing cross-linking of struc-
tural proteins with hemicelluloses and polygalacturonate (Lin
and Varner, 1991), or indirectly, by conversion to oxalate
which regulates calcium level in the cell wall by the formation
of calcium oxalate crystals (Smirnoff, 1996).
Regulated changes in the apoplastic ascorbate to DHA
ratio seem to be of particular importance in the transition from
cell division to cell elongation (De Pinto and De Gara, 2004).
Jain et al. (2010) showed that, treatment of cucumber
(Cucumis sativus L.) cotyledons with lycorine, a strong inhibi-
tor of ascorbic acid biosynthesis inhibited hypocotyl growth of
seedlings grown under darkness by inhibited expansion growth
of cotyledons. This inhibitory effect was due to reducing the
level of endogenous AA level.
The presented data showed that zygotic embryos contained
the much more levels of AA, DHA and AA/DHA ratio in
comparison with other different developmental stages of
somatic embryos. Seed germination incorporates events that
commence with the uptake of water (imbibition) by the quies-
cent dry seed and terminates with the emergence of the embry-
onic axis, usually the radicle (Bewley, 1997). In orthodox
seeds, neither AA nor AA peroxidase activity exist at the qui-
escent stage, but they re-start after a few hours from the onset
of imbibition (De Tullio and Arrigoni, 2003). Many investiga-
tions suggest that the capability of rapid re-starting of bothAA biosynthesis and AA peroxidase activity is crucial to
ensure seed germinability. H2O2 is reported to mediate the reg-
ulation of ABA catabolism and GA biosynthesis during dor-
mancy alleviation and seed germination in Arabidopsis (Liu
et al., 2010).
Ye et al. (2012) reported that, AA acts as a substrate in GA
biosynthesis and in lycorine treated seeds (a potent inhibitor of
AA synthesis) the accumulation of GA is suppressed. Also,
they found that application of exogenous AA can partially res-
cue seed germination from ABA treated seeds.
Also, long incubation of AA has a stimulatory effect in
inducing the mitotic activation of cells of the quiescent centers
(QC) of maize root meristems which indirectly was due to stim-
ulation of auxin transport toward the QC (Kerk and Feldman,
1995).
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gibberellin (GA) have antagonistic roles in the regulation of
seed germination (Finch-Savage and Leubner-Metzger, 2006).
ROS production is increased by ABA in plants under stress
conditions, which plays a pivotal role in the ABA signaling
pathway (Ye et al., 2012). In seeds, ROS have important roles
in endosperm weakening, the mobilization of seed reserves,
protection against pathogens, and programmed cell death.
ROS may also function as messengers or transmitters of envi-
ronmental cues during seed germination (Gomes and Garcia,
2013).
H2O2 is reported to mediate the regulation of ABA catabo-
lism and GA biosynthesis during dormancy alleviation and
seed germination in Arabidopsis (Liu et al., 2010). These
results indicate that ROS can be good candidates in mediating
hormonal interactions.
Although the toxicity of ROS is well documented, cellular
antioxidant mechanisms seem to control ROS concentrations
tightly, rather than to eliminate them completely, suggesting
that some ROS play physiological roles and act as signaling
molecules (Bailly, 2004).
Ye et al. (2012) results proved that, ROS play a key role in
mediating GA biosynthesis. The results of the their pharmaco-
logical experiment also showed that when the AA content was
effectively suppressed by lycorine, an inhibitor of the AA
biosynthesis pathway, seed germination was reduced together
with a reduced expression of GA biosynthesis genes in addition
to suppressing the expression of amylase genes and amylase
activity.Biochemical components
Data in Table 2 showed the concentrations of some biochem-
ical components in different developmental stages of somatic
and zygotic embryos. The obtained data showed that, zygotic
embryo contains the highest signiﬁcant concentrations of phe-
nols, ﬂavonoids, free amino acids, soluble protein and MDA.
Pro-embryo (Fig. 1c and d) contains high concentrations of
amino acids and protein (543 and 196.95 mg/100 g f.wt.
respectively).
Concerning to the concentrations of phenols and ﬂavonoids
in different developmental stages of somatic embryos data
clearly showed that, cells of embryogenic callus contained
the lower concentrations of them (36.50 and 23 mg/100 g f.wt.,
respectively).
It is well known that embryogenic callus cells are highly
metabolically and actively dividing cells. Also, it is well known
that, once embryogenic cells have been formed, they continue
to proliferate, forming pre-embryonic mass of cells (PEMs),
and auxin is required for proliferation of PEMs but is inhibi-
tory for the development of PEMs into somatic embryos
(George et al., 2008). By the other words we can say that,
embryogenesis induced by auxin, the endogenous concentra-
tion of which has then been subsequently reduced by metabo-
lism to permit embryo formation. Mucciarelli et al. (2000)
reported that, many phenolic compounds probably act by rais-
ing or lowering the level of indole acetic acid (IAA) through
enzymatic reactions. Thus, their studies suggested an involve-
ment of benzoic acids in the control of auxin catabolism.
Also, possible roles of these benzoic acids in cell metabolism
and growth should be taken into account. In this respectEl Euch et al. (1998) reported that ﬂavonoids content of the
transformed walnut lines decreased and this was associated
with enhanced adventitious root formation.
These could explain why the levels of phenols and ﬂavo-
noids were decreased in the embryogenic callus in the present
investigation, and it could be possible that their consumption
through enzymatic reactions controls the endogenous level of
IAA.
Gradual increase in the phenols and ﬂavonoids concentra-
tions was noticed in the subsequent developing stages of
somatic embryos (67.77 and 94.7 mg/100 g f.wt. of phenols)
and (46.3 and 66.77 mg/100 g f.wt. of ﬂavonoids) in
pro-embryos and mature somatic embryos, respectively.
These data are in agreement with Zein El Din (2010) who
found that, phenol concentration was at its lowest level at
embryogenic callus and then was raised during the subsequent
developing stages of date palm somatic embryogenesis. The
high concentration of phenols found in the mature somatic
embryos may be used during their conversion to complete
plantlets. These data are in agreement with Abdallah et al.
(2001) who found that, phenols were in large amount in plant-
let to form the basic material that will be used during sec-
ondary wall formation later on.
The importance of phenolic substances for normal growth
and development was demonstrated in transgenic tobacco
plants with inhibited phenolic acid metabolism (Tamagnone
et al., 1998). Analysis of these transgenic plants revealed that
morphological changes (e.g. abnormal leaf palisade develop-
ment) resulted from the lack of phenolic intermediates. Thus,
extremely low as well as high levels of phenolics might be sig-
niﬁcant factors in limiting growth.
Phenols were found to react with hydrogen peroxide pro-
duced during IAA degradation, thereby protecting the cell
from its toxic effects. Relatively large amounts of natural inhi-
bitors of IAA oxidase have been reported to be present in
meristematic and juvenile tissues, but not in normal mature
differentiated cells until they are wounded (George et al.,
2008).
The common ﬂavonoid pathway has been well documented
at the biochemical and molecular level, but little is known
about the evolution of the respective enzymes. Several of these
enzymes were assigned to the abundant group of
2-oxoglutarate-dependent dioxygenases (2-ODDs) which use
molecular oxygen as the co-substrate and are characterized
by their co-factor requirements of ferrous iron,
2-oxoglutarate and/or ascorbate (Springob et al., 2003).
The present results related to the accumulation of free
amino acids and soluble proteins showed that, zygotic embryos
contained the highest signiﬁcant concentrations of free amino
acids and soluble proteins of 620 and 273 mg/100 g f.wt.,
respectively, followed by pro-embryos which contained 543
and 196.95 mg/100 g f.wt., respectively.
As we reported previously, asynchronous somatic embryo
formation was happened when embryogenic callus was moved
to media that were supplemented with ABA at 0.5 mg l1 and
polyethylene glycol (PEG-4000) at 5 g l1. This medium
enhanced the maturation process of somatic embryos, due to
that, the factors that control the water relations during matu-
ration stage, the storage compounds accumulation and the
development of desiccation tolerance lead to the enhancement
the ability of embryos to convert into complete plantlets
(Blackman et al., 1992). Storage compounds are important
Table 2 Concentrations of phenols, ﬂavonoids, free amino acids, soluble protein (mg/100 g f.wt.) and malondialdehyde MDA (lmol/
g f.wt.) in different developmental stages of somatic and zygotic embryos of date palm cv. Swi.
Developmental stages Phenols Flavonoids Free amino acids Soluble protein MDA
Embryogenic callus 36.50 23 163.10 164.7 1.16 · 103
Pro-embryo 67.77 46.3 543 196.95 0.9 · 103
Somatic embryo 94.7 66.77 527 178.4 0.8 · 103
Zygotic embryo 258.4 341.25 620.5 273 2.9 · 103
LSD at 0.05 11.9 8.19 25.25 9.26 0.33 · 103
Table 3 Determination the activities of peroxidase, polyphe-
nol oxidase and phenylalanine ammonia lyase in different
developmental stages of somatic and zygotic embryos of date
palm cv. Swi.
Developmental
stages
Peroxidase
activity
Polyphenyl
oxidase
activity
Phenylalanine
ammonia lyase
activity
Embryogenic
callus
60,906 11.8 804
Pro-embryo 59,391 19.51 725
Somatic
embryo
49333.3 27.2 850.3
Zygotic embryo 9333.3 424.7 2063.7
LSD at 0.05 52.02 39.5 612.22
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failure to produce these may affect their ﬁnal developmental
stages and their conversion to plants (Cailloux et al., 1996).
The concentration of MDA (lmol/g f.wt.) which is a well-
known index for lipid oxidation and the oxidative state in plant
in different developmental stages of somatic embryos and zygo-
tic embryos is presented in Table 2. Zygotic embryos contained
threefold increase of it (0.33 · 103 lmol/g f.wt.) than the
mature somatic embryos (0.88 · 103 lmol/g f.wt.). These
results are in line with the data reported by Ye et al. (2012)
who measured the contents of superoxide anion radical and
hydrogen peroxide (H2O2) and reported that, the reactive oxy-
gen species (ROS) contents were increased during imbibition,
and the variation trends were consistent with theMDA concen-
tration in which content increased during seed imbibition.
Davey et al. (2005) stated that, MDA is a widely used mar-
ker of oxidative lipid injury whose concentration varies in
response to biotic and abiotic stresses.
Hydrogen atoms located adjacent to unsaturated oleﬁnic
bonds are particularly sensitive to oxidative attack, so that
the unsaturated lipids of plant membranes are one of the pri-
mary targets of such oxidative reactions. Lipid peroxidation
often occurs in response to oxidative stress, and a great diversity
of aldehydes is formed when lipid hydro peroxides break down
in biological systems. Some of these aldehydes are highly reac-
tive and may be considered as second toxic messengers which
disseminate and augment initial free radical events. According
to its high reactivity, it is hypothesized that the biological effect
of MDA is due to its chemical attachment to biomolecules,
especially DNA, proteins and enzymes and in so doing, cause
cellular and genomic dysfunction (Esterbauer et al., 1991).
Release of divalent ions from membrane pellets of soybean
hypocotyls was promoted by the natural auxin, indole-3-acetic
acid, and the synthetic auxin, 2,4-dichlorophenoxyacetic acid.
The auxin-induced membrane thinning might result from
Ca2+ displacement and the subsequent relaxation of the mem-
brane to its preferred packing density in the absence of Ca2+
(Buckhout et al., 1981).
Activities of antioxidant enzymes
Data presented in Table 3 showed antioxidant enzymes activ-
ities of peroxidase (POD), polyphenol oxidase (PPO) and
phenylalanine ammonia lyse (PAL) in different developmental
stages of somatic embryos and zygotic embryo of date palm cv.
Sewi. Peroxidase speciﬁc activity was the highest level in
embryogenic callus (60,906 unit/mg protein). Then, the activity
was reduced gradually at pro-embryos stage and mature
somatic embryos stages (59,391 and 49333.3 unit/mg protein,
respectively). However, POD activity was at the lowest level
at zygotic embryos (9333.3 unit/mg protein).Plant cells are able to regulate its AA level according to
their metabolic needs. Besides the de novo biosynthesis, which
utilizes sugar molecules as precursors, AA can be generated by
reduction of AA free radical (AFR) and dehydroascorbate
(DHA) catalyzed by the enzymes AA free-radical reductase
(AFRR) and DHA reductase (DHAR), respectively.
Re-conversion of AA to AFR and DHA is mediated by the
other two redox enzymes, AA peroxidase (AAP) and AA oxi-
dase (Stasolla and Yeung, 2001).
Arrigoni et al. (1992) showed that, large changes occurred
in the ascorbate system during the development of V. faba
seed. In the ﬁrst stage, characterized by embryonic cells with
high mitotic activity, the AA/DHA ratio was about 7, whereas
in the following stage, characterized by rapid cell elongation
(stage 2), it was lower than 1. AAP activity was high and
remains constant throughout stages 1 and 2, but it decreased
when the water content of the seed begins to decline (stage
3). In the dry seed, the enzyme disappeared together with
AA. Also, Stasolla and Yeung (2001) reported that AAP
involved in the removal of H2O2 was present at high levels dur-
ing the early phases of white spruce somatic embryo matura-
tion. In this respect Stasolla et al. (2001) suggested that,
besides its role in decreasing the toxic levels of H2O2 within
the system, high levels of AAP contribute to maintain cell wall
plasticity by decreasing the availability of H2O2, utilized by cell
wall peroxidases in crosslinking matrix polymers. This hypoth-
esis is also supported by kinetic studies showing the higher
afﬁnity of AAP for H2O2 when compared to other peroxidases.
The obtained data explain the relationship between
AA/DHA ratio, developmental stage and the activity of
POD. During embryogenic stage which characterized by cell
division the AA/DHA ratio was about 2 and the POD activity
was at its highest level, whereas, in the following stage, charac-
terized by rapid cell elongation growth (pro-embryo stage) and
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AA/DHA ratios were about 1 and the POD activity was
decreased gradually. For both of embryogenic callus and
pro-embryo stages, the cell wall loosening was needed. Thus,
the POD activity also was needed to utilize and decrease the
H2O2 and this serves indirectly in cell wall plasticity. It may
be that, AAP contributes by the highest activity among the
peroxidase isoenzymes during our investigation.
These data are in line with De Gara et al. (1991) who found
that young tissues, which are characterized by an active meta-
bolism, often have higher AA levels and cytosolic ascorbic
acids peroxidase (AAP) activity than mature tissues, whereas,
a decrease in AA concentration and in AAP activity occurs in
aging tissues.
Also, De Pinto and De Gara (2004) reported that, the
changes in AA metabolism occurring in the cell wall and the
analysis of the expression patterns and the kinetic characteris-
tics of the AAP and POD isoenzymes located in this compart-
ment suggest that AA and AAP activity could have a
regulatory effect on POD-dependent wall stiffening.
Several investigations suggest that ﬂuctuations in AAP, a
key enzyme in the detoxiﬁcation processes, closely correlate
with the endogenous AA level (Stasolla and Yeung, 2001).
Moreover, within the total AA pool, alterations of the endoge-
nous levels of the reduced (AA) and oxidized (DHA) forms
often follow changes in cell metabolism (Arrigoni et al., 1992).
However, Plants have a large number of peroxidase isoen-
zymes that may differ by more than 50% in amino acid
sequence (Welinder, 1992). Peroxidases have been shown to
function in cell growth and expansion (Wallace and Fry,
1994) and the synthesis of lignin and suberin (Syros et al.,
2004). Peroxidases are oxidoreductases that catalyze the oxida-
tion of a diverse group of organic compounds using hydrogen
peroxide as the ultimate electron acceptor (Dawson, 1988).
Also, Takahama and Oniki (1994) showed the inhibition of
cell wall peroxidases byAA in vitro. Further evidence came from
the work of Co´rdoba-Pedregosa et al. (1996) who demonstrated
that 24- to 48-h treatments with AA and/or L-galactono-c-
lactone, the immediate precursor in the AA synthesis pathway,
resulted in decreased cell wall peroxidase activity in parallel to
enhanced root growth, thus providing in vivo evidence for the
correlation of peroxidase activity, ascorbic acid, and cell
growth.
It has been reported that the presence of AA in the cell wall
promotes hydroxyl radical production and the consequent
oxidative scission of structural polysaccharides, an event pro-
moting cell wall loosening (Fry, 1998).
According to PPO activity the results showed that, there
was a gradual increase in its activity. Starting with
11.8 unit/mg protein in the embryogenic callus then, the activ-
ity was increased to 19.51 unit/mg protein in the pro-embryo
stage and ﬁnally, was reached to 27.2 unit/mg protein during
mature somatic embryo stage. PPO activity was increased
and reached to its much more highest level in zygotic embryos
(424.7 unit/mg protein).
PPO, a copper-containing metalloprotein, catalyzes the oxi-
dation of phenolics to quinones which make brown pigments
in wounded tissues. PPO is localized in the plastids, while its
phenolic substrates are mainly present in the vacuole. PPO-
mediated browning reaction occurs only after a loss of this
subcellular compartmentation, such as wounding. PPO has
been reported to function in the formation of pigment, oxygenscavenging and pseudo-cyclic phosphorylation in chloroplast,
and defense mechanism against insects and plant pathogens
(Tang and Newton, 2004).
According to Zein El Din (2010) the date palm friable callus
was moved for further improvement of maturation frequencies
and germination of somatic embryos to culture medium which
contained combination of ABA and non-permeating osmoti-
cum such as PEG. The positive effect of osmoticum on embryo
maturation has been attributed to increasing levels of endoge-
nous ABA (Wilen et al., 1990). PEG added to the culture med-
ium can also stimulate ethylene production. These factors may
be involved in increasing the activity of PPO since the discov-
ery of inducible defensive responses in plants which are acti-
vated locally and systemically by signaling molecules that are
produced at sites of pathogen or insect attacks, but only one
chemical signal, ethylene, is known to travel through the atmo-
sphere to activate plant defensive genes (Edward and Ryan,
1990).
In this respect Edward and Ryan (1990), Thipyapong and
Steffens (1997) suggested that, the inducible expression promo-
ter patterns of PPO genes were depending on developmental
stage and cell type and may be differentially responsive to
different signal transduction pathways. Effectors of systemin
signaling include JA, SA, systemin, ethylene, ABA, and electri-
cal signals, singly or in combination.
Moreover, in vitro experimental evidence of Leopold and
Plummer (1961) suggested inactivation or disappearance of
IAA by the action of an oxidative enzyme in plant materials.
PPO that catalyzes the oxidation of phenols was indirectly
responsible for IAA inactivation via producing quinones which
reacted with endogenous IAA and forming new products con-
taining both the colored qualities of quinone addition products
and the IAA moiety. Quinones are known to condense in
many instances with nitrogen-containing substances, and the
possibility suggested is that the auxin indoleacetic acid may
also form a condensation product with quinones.
It well known that, once embryogenic cells have been
formed, they continue to proliferate, forming PEMs (Pre-
embryonic mass of cells), and auxin is required for prolifera-
tion of PEMs but is inhibitory for the development of PEMs
into somatic embryos (George et al., 2008). Thus, evidence
of Leopold and Plummer (1961) was interesting to know
how the plant cells have mechanisms for down regulation the
endogenous IAA to meet its requirements.
Also, Abo EL-Nil (1986) reported that peptidic–bound
auxins (such as indole acetylglutamate and indole acetylaspar-
tate) regulate free auxin levels to meet the requirements of the
growing tissue and also were implicated in the detoxiﬁcation of
applied auxins in date palm callus cultures.
The activity of phenylalanine ammonia lyase was deter-
mined during the present investigation in different develop-
mental stages of date palm somatic embryogenesis and
zygotic embryos cv. Swi. Data shown in Table 3 reﬂected that,
the highest signiﬁcant activity was recorded by zygotic
embryos (2063.7 unit/mg protein), while, the activity was
decreased during pro-embryo stage (725 unit/mg protein).
The PAL activities were 804 and 850 unit/mg protein in
embryogenic callus and mature somatic embryos, respectively.
The activation of enzymes of the phenylpropanoid pathway
observed after the transfer of cells into fresh medium during
sub-culturing process is a part of the complex biochemical
changes associated with increased metabolic activity of
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ammonia-lyase (PAL) activity in sub-cultured cells of tobacco
and alfalfa suspension cultures was accompanied by an ele-
vated accumulation of phenolic acids (Cvikrova et al., 1988;
Cvikrova´ et al., 1999).
One of the main functions of phenylpropanoids in plants is
the synthesis of lignin, a major structural component in walls
of tracheary elements. Growth and accumulation of phenolic
compounds are inversely related. The accumulation of various
phenolic compounds and their oxidative and polymeric prod-
ucts becomes limiting for growth especially during long term
cultivation (Cvikrova´ et al., 1999).
As we previously describe that, the hormonal composition
of culture media was responsible for directing the tissue to
the needed response and ensuring the normal differentially
mature somatic embryos development, the embryogenic callus
was moved to medium containing ABA and PEG. Due to this,
it is well known that, the early responses of ABA treated tissue
are the reduction of cell proliferation and the initiation of
embryo development. Thus exogenously supplied ABA may
regulate the transition between cell proliferation and embryo
development by affecting nucleotide biosynthesis, and nucleo-
tide availability affects nucleic acid synthesis and ultimately
cell division (Stasolla et al., 2001).
ABA has been shown to induce the development of normal
internal anatomy in somatic embryos (Ammirato, 1985).
Mature tracheary elements (TE) were sometimes seen in the
pro-cambium of spontaneously formed somatic embryos of
T. cordata in conjunction with cells containing vacuolar depos-
its (Karkonen, 2000).
Since the discovery of the relationship between PAL activ-
ity, phenols and ligniﬁcation, we could investigate that both of
PAL and phenols contribute in the normal internal develop-
ment of zygotic and somatic embryos that was shown by a for-
mation of pro-vascular tissue. Thus, the gradual increase in the
phenols and ﬂavonoids reaching to its highest concentrations
at zygotic embryos and mature somatic embryos and also,
PAL activity that recorded the highest levels at the same stages
during this study could explain their roles in the development
process of normal zygotic and somatic embryos.
In this respect histological observations obtained by Zein El
Din (2010) showed that, longitudinal sections of date palm
somatic embryos have a well-differentiated vascular system
along the cotyledon and a fully organized shoot apex that
resembles the zygotic embryo after 7 days of imbibition
treatment.
Also, Yeung (1995) reported that, the quality of the somatic
embryos and their germinability depend on the proper devel-
opment of a normal, functional meristem. Experimental
manipulations, such as addition of ABA or AgNO3, removal
of ethylene, osmotic stress and a partial drying treatment,
may greatly improve the organization of the apical meristem
and its subsequent conversion rate (Nickle and Yeung, 1993).
Some vacuolar phenolics could be seen along the pro-
vascular tissue both in the zygotic and the somatic cotyle-
donary embryos regardless of the maturation medium. The
accumulation of these was most pronounced in somatic
embryos formed spontaneously on the proliferation medium
and in precociously germinated somatic embryos. No mature
xylem elements were present in the zygotic embryos or in the
ABA- and PEG-treated somatic embryos (Stasolla and
Yeung, 2001).References
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